Racemic crystalline tetra(p-bromophenyl)ethylene was converted into chiral inclusion crystals in the solid state by contact with gaseous achiral guest compounds.
Chiral crystallization of achiral molecules in the absence of any external chiral source is of special interest not only for "socalled" absolute asymmetric synthesis 1 but also for its relationship to the prebiotic origin of chirality. 2 Such chiral crystals have been obtained previously during crystallization of achiral substrates from their solutions. We have now found that chiral inclusion crystals can be obtained by treatment of a racemic host compound with the vapor of achiral guest compounds. This is the first example of the formation of chiral inclusion crystals from achiral components through gas-solid inclusion complexation.
Recently, we have found that tetra(p-bromophenyl)ethylene 1 3 forms chiral inclusion compounds with various kinds of achiral guest molecules. For example, recrystallization of 1 from p-xylene gave 1+1 inclusion crystals (2) . The chiral arrangement of 1 molecules in 2 was easily detected by measurement of CD spectra of its Nujol mull. Hence, one single crystal of 2 showed a positive Cotton effect while another showed a negative Cotton effect (Fig. 1) . The host compound 1 also formed chiral inclusion crystals with acetone (1+1), dioxane (1+1) and benzene (1+1), whereas it formed racemic inclusion crystals with cyclohexanone (1+1), THF (1+2), bpicoline (1+1) and toluene (1+1), by recrystallization (Table  1) .
Very interestingly, however, when exposed to p-xylene vapor at room temperature for 24 h, a single crystal of pure 1 prepared by recrystallization from m-xylene was gradually changed into the chiral polycrystalline 1:1 inclusion complex (2) of 1 with pxylene. The inclusion complex (2) thus obtained showed the same CD spectrum as that obtained by the recrystallization method, and its X-ray powder pattern was similar to that obtained by recrystallization ( Fig. 2 ) Gas-solid reaction of 1 with THF, dioxane, benzene and b-picoline also produced their inclusion complexes with the same host-guest ratios as those obtained by recrystallization (Table 1) . It is also remarkable that the inclusion crystals of 1 with THF and b-picoline obtained by gas-solid reaction were chiral, whereas those obtained by recrystallization were racemic. Gas-solid inclusion complexation did not occur, however, in the cases of acetone, cyclohexanone and toluene (Table 1 ). The chiral crystalline lattice formed by chiral arrangement of 1 molecules is very stable and still exists after removal of the guest molecules via heating compound 2 under reduced pressure. The chiral crystalline powder left after removal of the guest from 2 showed a very similar X-ray powder diffraction pattern to that of 2. By exposure to xylene vapor, this chiral crystalline powder was easily converted to the 1+1 inclusion crystals 2 with the same chirality. X-Ray analysis of the rac-crystal of 1 showed that two halves of crystallographically independent molecules of P-1 and M-1 exist in the asymmetric unit (space group: Pccn). (Fig. 3 ) † Molecular layers of P-1 and M-1 are arranged perpendicular to the a-axis and within these layers the molecules are connected by Br···Br contacts along the c-direction. The P-1 molecule has a right-handed and the M-1 molecule has a left-handed propeller structure, respectively (Fig. 4) .
The molecules in 2 occupied the chiral space group P2 1 2 1 2 1 . ‡ The p-xylene molecules are included in chiral cavities formed by the bromophenyl rings (Fig. 5) In 2, molecular layers are arranged perpendicular to the a-axis, and within these layers the molecules are connected by Br···Br contacts along the b direction. It has been found that halogen···halogen contacts act as attractive interactions and the inclusion complex is stabilized by the Br···Br interactions between host molecules. 4 This is the first example of the construction of a chiral inclusion crystalline lattice by a Br···Br interaction network among achiral host molecules.
In conclusion, we have found a unique example of racemicto-chiral transformation by exposing racemic crystalline material to the vapor of an achiral guest compound. This provides not only a new strategy for construction of chiral crystals but also a new model for studying the mechanism of generation of chirality in crystals.
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